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1. Experimental Study of the Anti-Thrombotic Properties of Dextrans
Of Low Molecular Weight. A standardized preparation in the dog has
been used to evaluate the effect of dextrans of low molecular weight
in preventing thrombosis in small arteries subjected to surgical
trauma. In 23 preparations given an infusion of dextran, with an
average molecular weight of 43,000, the two hour thrombotic rate was
50 percent. The thrombotic rate in 12 preparations treated with
NRC- 2B dextran, average molecular weight 34,000, was 90 percent and
1n ten preparations treated with NRC-2, average molecular weight
11,800, the thrombotic rate was 75 percent. It would appear that
dextrans of low molecular weights are not as effective as clinical
dextran in preventing intravascular thrombosis.

2. Study of the Anti-Thrombotic Properties of Dextrans of Large
Holecular Weight. The anti-thrombotic properties of ¢ &trans with
high average molecu:ar weight. have been evaluated using a standard-
1zed experaimental preparation that has a known post~traumatic thromb-
otic rate of 95 percent. In 93 preparations treated with dextrans
of large average molecular weights, the thrombotic rate was reduced
to 59 percent. These studies suggest that clinical dextran is sup-
eriror to dextrans of higher molecular weights 1n preventing thromb-
os1s 1n small arteries of dogs subjected to a standardized surgical
trauma,

3. Coataing of Vascular Surfaces and Cells - A New Concept in the
Prevention of Intravascular Thrombosis. Radiocarbon (C-14) labeled
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dextran has been used to study the mechanism of action of dextran.
It 1s to be emphasized that the studies reported are preliminary but
they definitely indicate that dextran coats all the intravascular
surfaces. The ability of dextran to coat surfaces may be its fund-
amental mechanism of action in retarding intravascular thrombosis.
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EXPERIMENTAL STUDY OF THE ANTI-THROMBOTIC PROPERTIES OF
DEXTRANS OF LOW-MOLECULAR WEIGHT
Dextran has been usec extensively as a plasma volume expander.
1,2,3,4
A number of reports have shown that infusion of large amounts
of macromolecular substances, such as acacia, polyvinyl alcohol,
gelatin, and dextran, may prolong the bleeding time. The hemo-
static defect associuted with the intravenous administration of more
than 1000 mi. of clinical dextran has not becn clearly defined:; how-
ever, the zep. “kei uetects are probably related to changes in sgveral
of the systems invclvod in clot formation. Recent studies by Bloom
and associatesssuggest that prolongation of bleeding time is more
closely associated with expansion of whole blood voluge than to
plasma dextran concentration, Stefanini and Dameshek repoxt changes
in fibrinogen conversion and a decrease in total platelet counts fol-
lowing clinical dextran infusions, and Behrmann and Hartman7describe
hypothrombinemia, thrombocytopenia and low plasma fibrinogen after
plasta volume expansion with dextran. Other workerssreport no
deletericus effects upon the coagulation mechanism following infusion
of so-called "low-molecular weight dextran". The changes in hemo-
stasis produced by clinical dextran suggesged that thiz glucosidic
polysaccharide mighu prevent or retard intravascular thrombus form-
ation, The use of clinical dextran in preventing thrombosis in small

arteries which have been traumatized has been previously reported.

This report 1s a continuation of our studies evaluating the effect
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of dextrans of low molecular weight in preventing thrombosis in small
arteries subjected to a standardized mechanical trauma.

MATERIAL AND METHODS

These studies were performed in dogs using the standard prepara-
tion previously described.9 Briefly, the femoral artery was exposed
and a two centimeter segment measuring 2.5 - 3 mm. in external
diameter was isolated. A longitudinal arterictomy was performed
and the intima was carefully stripped from this segment. The arteri-
otomy incision was «!-.:2ed with # 7-0 arterial silk. Prior to re-
leasing the vascular clamps an infusion of dextran was given and a
catheter was inserted into the urinary bladder for collection of
urine sawples.

In 23 preparations an infusion of dextran*with an average mol-
ecular weight of 43,000 was given in quantities equal to one percent
of body weight. Ten preparations were given a one percent infusion
of NRC-2B, average molecular weight of 34,000; and in 12 preparations
a one percent infusion of NRC-2, average molecular weight of 11,800,
was giver. After intimectomy and dextran infusion the vascular
clamps were removed and a pulsatile flow of blood was restored to
the traumatized segment. The preparation was ohserved continuously
for two hours and the time required for an occluding thrombus to
form in the intimectomized segment was determined by inspection and

palpation, and then recorded. Previous studies revealed that 90 per-

cent of 40 similar untreated control prevarations thrombosed within

* Supplied by Baxter Laboratories.




the two hour observation period.

Blocd and uraine samples were collected at intervals for 24 hours
and in certain instances for eight days. The concentration of dex-
tran in the plasma and urine was determipned by the method described
by Bloom and Wilcox.10

Blond samples were also obtained for thrombelastographic andlvsis
and for measurement of the thrombin and prothrombin times. In
selected instances sedimentation rates were performed prior to and
following the dextra~ infusion.

SULTS

In 23 intimectomized preparations given an intravenous infusion
of "dextran 43,000", thrombosis occurred within the two hour ob-
servation period in 12 instances giving a thromhotic rate of 52 per-
cent, Fig. 1. All of the preparations functioned well initially.
The onset of clot formation was rapid and always began at the dis-
tal end of the suture line. The cloc gradually progressed proximal-
ly to involve the entire traumatized segment. As the obstructing
thrombus formed the vessel gyradually lost its elastic properties
and began to pulsate 1n a piston-like fashion longitudinally.

Plasma dextran levels revealed an average concentration of 575
my. percent one hour following the infusion. The blood concentration
fell rap:idly with a concomitant rise in urinary excretion. Approx-
wmately 50 psrcent of the dextran was excreted in six hours ani in
48 hours the plasma Jextran level had returned to normal.

The thrombelastouraphic changes are similar to those reported for

clinical dextran. Fiy. 2. This pattern was obtained one hour follow-
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1ng an infusion of "dextran 43,000". The wmajor change in the
pattern 1s a decrease in ma valuz from 56 to 40. The r value 1s
not siygnificantly affected; however the k valuz 1s increased. "Dex-~
tran 43.000" produced an average increase in th? prothrombin time
of 1.6 seconds and an averaye decrease in the fibraindex time of 1.2
saconds . The averaye prothrombin time pricor to the infusion was
17.2 saconls and the averagc time ore hour following the infusion
was 18.8 seconds. The average control sedimentation rate was 9mm/
houar and Jdextran with an average molocular weight of 43,000 pro-
duved little or no change in this rate. All of these coagulation
studies returned to normal as the dextran was cleared from the blood
stream.

In ten preparations a one pexcent i1nfusion of WRC-2B was given
prior to releasing the vascular clamps. Thrombosis occurred in nine
of these preparations giving a thrombotic rate of 90 percent Fig.3.

Plasma and urine samples revealed a rapid ¢woretion of NRC-2E,

The average one hour blood level was 3/J my. percent, and in si1x hours

it had fallen to 75 mg. percent. The urine concentration was in-
versely related to the plasma level and both urine and blood dex-
tran levels were essentially normal in 24 hours. NRC-2B was found
to deccease the sal =cntation rate.

The thrombelastographic pattern obtained one hour following in-
fusion of NRC-2B showed a definite decrease in ma value, Fig. 4,
No change in the r or k values was noted. The average prothrombin

time was incr2ased frowm 17.2 seconds to 18.7 seconds and the aver-

age fibrindex time was decreased from 5.6 seconds to 5.3 seconas.,




In 12 preparations a one percent infusion of NRC-2 was given.
Thrombosis occurred in eigat instances giving a thrombotic rate of
75 percent, Fig. 5.

Blood and urine concentration studies revealed a very rapid ex-
cretion of NRC-2. The plasma and urine dextran levels returned to
normal within two to six hours.

The thrombelastoyraphic chenges produced by NrC~2, Fig. 6, wece
similar to. but not as marked as, the changes described for NRC-2B.
NRC~2 caused a decrease in the averaue prothrombin time from 17.2
seconds to 16.4 seconds and a decrease in the average fibrindex
time from 5.6 seconds to 4.9 seconds. As with NRC-2B, the sedimenta-
tion rate was found to be decreased by a one percent infusion of NRC-
2 dextran, Fig. 7. Changes in the mezasured coagulating mechanism

returned to normal as the plasma dextran level returned to normal,

DISCUSSION
9
In a previous study it was found that the t:o hour thromwotic

rate in 40 untreated intimectomized preparations was 90 pexcent.
These preparations must be carefully prepared as described in order
thav mechanical factors will not influence the thrombotic rate.
Meticulous removal of all shredded tissue from the traumatic seg-~
ment is essential. Tt s important to place ihe sutures so as to
prevent constriction of the artery. We have not found the dissect-
ing microscope to be necessary in suturing these preparations. An-

other prerequisite for a satisfactory preparation is that it must

transmit a pulsatile flow of blood for ten rinutes or more after the




vascular clamps are removed.

The thrombotic rate following infusion of "dextran 43,000" was
52 percent as compared to a thrombotic réte of ten percent follow-
ing infusions of clinica. dextran. NRC-2B and NRC-2 dextran had no
significant influence on the thrombotic rate, It would appear that
dextrans of low molecular weight are not as effective as clinical
dextran in preverting clot formation in small arteries subjecteu
to a standardized surgical trauma., The total plasma dextran levels
were equally elevatad with all weights of dcsttran during the two
hour cbhsegvation period. This finding suggests that the anti-
thrombotic properties of dextran are related to molecular size rather
than total plasma dextran concentration.

It is known that dextrans of low molecular weight increase the
suspension stability of red cells.11 This action of "“dextran 43,000"
{frequently called low-molecular weight dextran) has been suggested
by a number of workerslz'l3as being helpful in ;reventing blood
sludging and the many pathologic states which have been ascribed to
it, Recent studies by Pories and associate514cast doubt upon the
hacwiul effects of erythrocyte aggregation. In the present invest-
igation clinical dextran increased the sedimentation rate and at the
same Lime narkedly; - -3uced the tbrombotic rate, NRC-2 and NRC-2B
dextran have very low mokrular weights and decrease the sedimentation
rate; howeves, 1n the guantities used 1t did not influence the devel-
opment of thrombosls in the experimental preparations. Since dex-

tran 1s a non-polar polysaccharide one would expect various molecular

weighis of thls substance to increase or decrease the sedimentatl ion
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rate in accordance with known physical chemical laws. The re-
lationship between suspension stability and ciot formatica is, as
yet, not clearly defined.

As expected, dextrans of small wolecular weights are rapidly ex-
creted by the kidneys. NRC-? dextran, average moletular weight 11,
RU0, appears in the urine in large quantities immediately follewing
intravenous administration, Within a period c¢f nix hours thisg sub-
stance was cleared from the plasma. NRC-2B and "dextran 43,000"
have larger average molecular weighte and are less rapidly cleared
{zom the plasma. A significant amount of clinical dextran, average
molecular weight 75,000, remains in the plasma for five days.

Previous reperts have shown that "dextran 43,000" has little or
no effect on the clotting mechanisms as studied. Thrombelastography
1s a valuable means of photokymographically recording the effect of
dextran upon the kinetics of clot formation. As with clinical dex-
tran it was found that dextrans of low molecuiar weights primarily
affected the ma value. NRC-2 and NRC-2B did not have as pronounced
an effect on the ma value as did'dextran 43,000". The magnitude of
change in the thrombelastographic pattern may be partially depend-
ant on the presence oy a definite amount of dextran of a particular
molecular size, and mure detailed studies will bao :ioported elsewhere,
SUMMARY

A standardized preparation in the Jdoy has been used to evaluate
tiie effect of dextrans of low molecular weights in preventing thromb-
os1s 1n small arteries subjected to surglcal trauma. In 23  prep-

arations grven an i1nfusion of dextran, with an average molecular
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werght of 43 000. the two hour thrombkotic rate was 50 percent. The
thrombotic rate in 12 preparations treated with NRC-2R dextran, aver-
age molecular weight 34,000 was 90 percent and in ten preparations
treated with NRC-2, average molecular weight 11,800, the thrombotic
rate was 75 percent. When these thrombotic rates are compared with
a thrombotic rate of ten percent following clinical dextran infucion,

it would appear that dextrans of low molecular weights are not as

effective as clinical dextran in preventing intravascular thrombosis.
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Fig, 2. Thrombelastographic Pattern

Following Dextran (43,000)
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Fig. 5. Thrombotic Rate Following Dextran

NRC-2 (11,800).
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STUDY OF THE ANTI-THROMBOTIC PROPERTIES

OF DEXTRANS OF LARGE MOLECULAR WEIGHT

A continued search for an effective method of preventing post-

operative thrombosis in small arteries has been carried out in this
1,2,3,4.,5.

laboratory during the past two years. Heparin and two
fibrinolytic enzyme preparations were found to be only partially
effective and impractical to use. Our studics have been reporxted
indicating that an i~.L'sion of clinical dextran (6% solution of MW
75,000) in quantities equal to one percent of the body weight is
responsible for the prevention of post-operative thrombosis in small
arteries.l Dextrans of low molecular weight arc not as effective as
clinical dextran in preventing thrombosis in arteries following
a standardized mechanical trauma.3 Since dextrans of MW 75,000 and
less are quantitatively removed from the intravascular compartment
in a matter of a few hours it was felt that study of the anti-
thrombotic properties of dextrans with average molecular weights
larger than the albumin molecule might add to our understanding of

the protective effect observed.

MATERIAL AND METHODS

The materials ana methods used in this study weire the same as
reported previously, The femoral arteries of mongrel dogs weigh-
ing between 15 and 20 pounds were exposed so as to be able to iso-
late a two centimeter segment that measured 2.5 to 3 mm. in external

diameter. Bulldog clamps were applied and a longitudinal arteri-




otomy was made in the 2 cm. segment. A # 15 knife blade was used
to mechanically scrape all of the intima from the isolated segment.
The arteriotomy incision was closed with # 7-0 arterial silk in a
continuous fashion, The bulldog clamps were then released and a
pulsatile flow of blood was restored through the traumatized seg-
ment. The vessel was kept moist with saline and continously ob-
served for two hours or until thrombosis of the segment occurred.
The time for an occluding thrombus to foim was recorded in each
study. Thrombosis v = determined by palpation and inspectiorn and
in selected instances by continuously recording the pressure distal
to the traumatized segment. Since the thrombotic rate in a large
secies of ccntrol experimental preparations was known, this study
was not repeated, but random control animals were interposed in the
study to verify reproductability of method and thrombosis,

In order to determine the effect of dextrans of large average
molecular weights on intravascular thrombosis, 2 group of dogs was
prepared as described in the control animals. In each animal a six
percent rolution of dextran was infused in volume to equal one per-
cent of the animal's weight.

GROUr ONE - Thirty-five intimectomy preparations in 18 dogs were
tieated with dextrar of an average molecular weight of 185,000.
GROUP_TWO- Twenty intimectomy preparations in ten dogs were treat-
ed with dextran of an average molecular weight of 300, 000.

GROUP THREE - Twenty intimectomy preparations in ten dogs were treat-

ed with dextran of an average molecular weight of 450,000,




GROUP_FOUR - Eighteen intimectomy preparations in nine dogs were
treated with dextran of an average molecular weight of 500,000.
GROUP FIVE - In order to determine the 1isolated effect of blood vol-
ume expansion on the thrombotic rate of the standardized experiment-
al preparation, a one percent infusion of Polyvinylpyrrolidone was
used to treat 14 intimectomized arterial scyments in seven d-ys.
A Thrombotest assay (Owren), a thrombin time (fibrinogen assay),
thrombelastographic studies, and phase contrast platelet counts
were perfour sd on representative dogs infused with dextrans of wvari-
ous molecular weiyhts. Comparative platelet counts were performed
in two dogs receiving dextran 500,000 and in three dogs receiving
dextran 185,000. Blood and urine dextran levels were determined
along with the coagulation studies in selected instances.
RESULTS

In group one, thirty-five intimectomized arteries in degs were
treated with dextran of an average molecular weight of 185,000.
Thrombosis of the traumatized segment occurred in 20 instances after
restoration of a pulsatile blood flow. A thrombotic rate

Number of thrombosis of 57 percent resulted (Fig.l)
Number of intimectomies

Dextran 300,04y was used in group two. rhrombosis occurred in
11l instances resulting in a thrombotic rate of 55 percent.

Twelve of 20 experimental preparations in group three thrombosed
following a one percent infusion of dextran 450,000 providing a

thrombotic rate of 60 percent.

In group four, dJdextran with an average molecular weight of 500,000




was used to treat 18 intimectomized preparations and an occluding
thrombus developed in 12 instances. The thrombotic rate for this
group was 66 percent,

A total of 93 surgical preparations were treated with dextrans
of high average molecular weight. Thrombosis occurred within the
two heur observation period in 55 instances giving a thrombot.c
rate of 59 percent, (Fig.2

Pclyvinylpyrrolidone was used to treat 14 preparations in group
five and in each irstance thrombogis of the intimectomized segment
occurred within the two hour observation period. The thrombotic
rate was 100 percent and of the same order of magnitude found in the
control series.

These dextran preparations in the guantities used did not produce
any significant change in the Thrombotest assay (Owren):; the aver-
age control prot'.rombin time was 17.8 seconds and the average time
one hour following the infusion was 18.4 secuiids (Fig.3). The
thrombin time was slightly but consistently shortened by a one per-
cent infusion of the various dextrans studied. Prior to the dextran
infusion the average thrombin time was 6.1 seconds and one hour fol-
lowing the dextran infusion, the average time was 4,7 seconds.

The vurombelasbsgraph pattern was alterea consistently by all of
the dextran preparations studied. A marked decrease in the ma value
occurred routinely following an infusion of large molecular weight
dextran. In addition, the r and k values increased. As dextran leaves
the intravascular compartment the thrombelastographic pattern re-

turns to normal. These results will be reported in detail elsewhere,




Platelet Counts - Platelet counts were done on the "platelet-rich"

plasma samples, an aliguot of which was used for the throwmbelasto-
graphic measurement. Phase contrast microscopy was used to insure
the greatest possible accuracy in the direct method counting since
the morphology of doy platelets allows for easy confusion with other
methods. Numerically, platelets are not altered significantly kv
dextran infusions. Functiunally, they appear tuv be markedly alter-
ed, not in their contribution to the formation of an active thrombo-
plastic complex. but in thecir contribution to clot strength. Thus,
"dextran coated platelets" are rendered “"thrombasthenic".

Blood and urine dextran determinations confirm the fact that these
large dextran molecules remain in the intravascular compartment,
and usually at a high concentration, for a much longer time than
clinical dextran. The time of dextran residence in the intravascu-
lar compartment was directly related to the average molecular weight
of the dextran preparation infused (Fig.4). Following a single in-
travenous infusion of dextran 500,000 (the largest preparation
studied) the blood dextran levels were found to remain elevated for
s1x days.

DISCUSSION

Previous study wovealcd that the two hour whrombotic rate in the
untreated intimectomy preparations was 95 percent. It was also shown
that a one percent infusion of clinical dextran would reduce the
thrombotic rate to ten percent. Numerous reports on the beneficial

effects of low molecular weight dextran in preventing sludging and




thrombus formation in the micro-circulation stimulated an evalua-
tion of the anti-thrombotic properties of dextrans of low average
molecular weights.el?lB.Using for comparis;n the thrombotic rate in
the standard intimectomy preparations, dextrans of low average mol-
ecular weights were found to be less effective than clinical dextran
in preventing post-~traumatic thrombosis.

Since dextrans of large average molecular weights remain in ihe
intravascular compartment longer than clinical dextran, it was
anticipated that these dextrans might possess greater anti-thromb-
oLic properties than clinical dextran. It was also felt that these
large molecules would reside in the vascular bed for a longer dur-
ation of acticn. The intimectomy preparation in the dog revealed
that the large dextran molecules do possess some effect in prevent-
ing post-traumatic thrombosis but the effect is not as great as
found with clinical dextran.

The phenomenon of intravascular aggregation or sludging and the
prevention of this phenomenon by low molecular weight dextran has
heen studied extensively by many investigators.6‘7'Blgéheomacrodex
is of pharmecclogic importance primarily because of its ability to
preveat or reverse aggregation of blood corpuscles. Dextrans of
high molecular weigiis nave been shown to increase the erythrocyte
sedimentation rate and cause red cell aggregation and stasis as de-
termined by microscopic examination of the vital circulation. By
producing sludging one might expect large dextran molecules to in-
crease the thrombotic rate in the experimental preparation., Actually,

these large molecules demonstrated an anti-thrombotic effect under




the conditions of this study. The explanation for the results ob-
served in this and other studies must await a more precise definition
of the mechanism of action of the dextran molecule.

10,11.

Bloom and others have shown that one of the important physio-
iogical actions of dextran is related to the increase in colloidal
osmotic pressure and resulting plasma volume expansion. Polyvinyl-
pyrrolidone was infused to expand the plasma volume in 14 experi-
mental preparations and an occluding thrombus developed in all of
the preparations. The amount of PVP infused resulted in an increase
in plasma volume that was equal to the volume expansion produced by
a one percent infusion of clinical dextran. Assuming that PVP does
not have some unknown effect that initiates thrombus formation it
would appear that volume expansion alone does not affect the thromb-
otic rate in the standard experimental preparations used in this
study.

Dextrans of high molecular weights did not groduce any significant
change in the Thrombotest (Owren). These substances produced (as
did clinical and low molecular weight dextrans) a shar tening of the
thrombin time. An infusion of dextran of any molecular weight in
a six percent concentration consistently produces a decrease in the
ma value <f the thremhelastographic pattern. All af the large mol-
ecular weight preparations produced an increase in the r value
whereas MW 75,000 and smaller preparations produced a shortening of
the r value. These findings suggest that large molecules of dextran

may interfere with those protein moieties involved in the initiation

of clot formation.




SUMMARY

The anti-thrombotic properties of dextrans with high average mol-
ecular weiyhts have be¢~ evaluated using a standardized experimental
preparation that has a known post-traumatic thrombotic rate of 95
percent. 1In 93 preparations treated with dextrans of large average
molecular weights, the thrombotic rate was reduced to 59 percert.
This compares with a thrombotic rate of only ten percent in prep-
arations treated with clinical dextran. These studies suggest
that clinica lextran is superior to dextrans of higher molecular
weights in prevent... thrombosis in small arteries of dogs subjected

to a standardized surgical trauma.




DEXTRAN (IIMWD) TREATED PREPARATIONS

Weight No. Treated No. Thrombosed _ Thrombotic Rate
Dextran 185,000 35 20 §57%
Dextran 300,000 20 )3 55%
Dextran 450,000 20 12 60%
Dextran 500,000 18 12 66%

Fig. 1. Rate of Thrombosis Following High Molecular Weight
Dextran.




HIGH MOLECULAR WEIGHT DEXTRAN TREATED PREPARATIONS

Total Intimectomies - 93

Thrombosis in 2 Hours =~ %%

Thrombosis Rate - 59%

Fig. 2. Average Thrombotic Rate Following HMW Dextran.




COAGULATION STUDIES
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Fig. 3. Summary of Coagulation Studies Following HMW Dextran
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COATING OF VASCULAR SURFACES AND CELLS - A NEW CONCEPT

IN THE PREVENTION OF INTRAVASCULAR TIHROMBOSIS

Intravascular thrombnsis is a major cause of morbidity and wmort-
ality in our present sociecty. Arteries and veins are frequently oc-
cluded by clots which produce varying degrees of organ damage and
patient disability. At the present time methods for treating ratra-
vascular thrombosis include direct surgical removal of the clot, dis-
solutlon of the clot with enzymes, and prevention of new clot form-
ation or exue -<ioun py altering the concentration of the various
factors involved :1 “lood coagulation., Although these methods pro-
vide aids for patient care, obvious inadequacies remain in our treat-
ment of intravascular thrombosis. It appears that intravascular
clot formation results from a concentration of critical reactants
at a focus of injury in the blcod vessel. Attempts to alter the re-
actants involved in coagulation have not completely solved the prob-
lem. Recently a number of investigators have challenged the effect.
iveness of the presintly available ancicoagulants in treating intra-
vascular thrombusis. A new approach to therapy is needed.

Since the introduction of plasma volume expanders in 1918, it
bas been known that circulating macromolecular substar~c:es alter
hemostasis to varyi:g degrees (l1-4), Although many investigators
have measured different aspects of this hemostatic defect, (5-8) no
totally satisfactory explanation of the changes produced by these

substances on the hemostatic mechanisms has been found.

Our rec~:. studies(9,10,11) have shown that dextran, a non-polar




a

polysaccharide provides a significant anti-thrombotic effect in
vivo. Vascular thrombosis was reproducibly produced in 2.5 to 3 mm.
arteries of dogs by subjecting the arteries to a standardized mech-
anical trauma. Using this experimental preparation it was shown
that an infusion of clinical dextran (M.W, 75,000) in quantities
equal to one percent of the animal'’s weight nrevented thromios's at
the site of vascular damage. An overall alteration of blood co-
agulation in dextran treated animals was noted by thrombelasto-
graphic stud: {1z, 13). Thrombelastographic changes were fourd with
blood dextran conc-strations which produced no other measurable al-
teration in blood coagulation. Thus it was found that dextran pre-
vents thrombosis in traumatized blood vessels and produces alter-
ations in overall coagulability. These results suggested that
clinical dextran would be of help in preventing disastrous thromb-
osis following surgical procedures on the vascular system and a help-
ful substance to infuse in patients prone to the development of in-
travascular clots, In addition, these findings stimulated a study
of the mechanisms by which dextran produces its eff2ct on the pre-
vehtion of thrombosis.

It was postulated that the observed effects of dc:vran on thromb-
osis and coagulation might be related to surface adsorption of the
dextran mclecule with a resultant alteration in the chemical reactions
leading to coagulation or thrombosis., The determination of the mech-
anism of action is of prime importance, as an understanding of this

nechanism might lead to the development of a more efficient method

or substance to prevent or treat intravascular thrombosis.




METHOD

The purpose of this study was to test the hypothesis that the
prevention of intravascular thrombosis and the alteration in hemo-
stasis by dextran was the result of in vivo surface coating of blood
vessels and formed elements. As a means of tracing the location of
dextran in or on blood vessel surfacees and formed eleﬁents, radio-
carbon (C-14) labeled material was used.

B-512-Dextran of molecular weight 82,000, and randomly labeled
with carbon 14 was used to trace the location of the polysaccharide.
The specific -ttivity of the labeled dextran (0.36 uc/ml} corresponds
to 1012 molecules ¢l dextran per disentigration per minute. The count-
ing efficiency for C-~14 in dextran was measured by counting a known
volume of the stock dextran which had been processed in a manner ident-
ical with the samples. The counting efficiency was found to be 20.1%
so that one observed count per minute corresponds to the presence
of 5 x 1012 dextran molecules., Conventional methods of counting
cerbon 14 were used. Radioactive dextran (1% of body weight) was
injected into mongrel dogs immediately following surgical intimectomy
of one femoral artery. The dextran was injected just prior to the
release of the clamps occluding the vessel for intimectomy. This
was the standard procedure previously reported (9 and ‘'l), with the
exception that in the current studies radioactive dextran was used.

Three experiments were performed A,B, and C. Thirty to ninety
minutes after injection of dextran the animals were killed by ex-

sanguination all blood being taken in ACD-solution to prevent




4.
clotting. Whole blcod was centrifuged for measuremrnt of the hem-
atocrit and for scparation of cells and plasma, for latar examin-
ation. The blood vessels (femoral arteries and aorta Exp. C) were
frozen and sectioned with the cutting blade parallel to the intimal
surface. Serial sections were floated (in water) on to the planchets,
dried and counted. Photoyraphs were taken of the dried specimns,
enlargements were made and the surface area decermined by planimetry.

All specimens were washed six times in 6% non-radioactive clini-
cal dextran in saline. (This radioactive dextran is similar to the
non-active dextran currently used in clinical therapy). (See Table
I).

After six consecutive washings with non-radiocactive dextran, the
removal of all non-surface adherent material was demonstrated by ab-
sence of significant amounts of radioactivity in the last washing.
Some tissues, Plasma and washed cells were digested in strong alkali
(KOH in A & B and LiOH in C). After the digestion, the dextran was
alcohol precipitated, washed in alcohol, plated, dried and counted.
In all instances the activity was determined by gas-flow proportion-
al counting, using a windowless counter.

RESULTS

The sr-cifications of the radioactive dextran used :n this study
compare favorably with the specifications of the currently used
clinical dextran. After six consecutive washings, aextran remains
in or on the blood vessel and packed cells. as can be seen from
Table II, It was difficult to equate quantitative measurements of

the blood vessel from one animal to another in regard to activaty.




. 5.
however. cell mass could be measured accurately and the quantita-
tive radioactivity in or on the cells of two different enimals was
similar. Since no siagnificant radioactivity was found in the last
washing of the tissue or cell praparations, it appears that the
radioactive extran was adherent to the specimens studied.

The previous demonstration that dextran will prevent vasculars
thrombosis of the intimectomized femoral! artery, indicated the ad-
visability of comparison of radicactivity in damaged and undamaged
blood vessel (Table TII). Vesscls of approximate size (Exp. B) and
erproximate weight (Exp. C) Were studied. In both experiments sig-
nificantly more radiocactivity was found in the damaged blood vessel,
than in the undamayed vesscl from the opposite leg. At this point
the experiments had shown that the radioactivity of dextran was
firmly adherent in the greater amount in damaged than in undamaged
blood vessels and that radioactivity was also present in the cells
removed from the circulation.

It might be argued that the radioactivity was no longer in the
dextran but in some other tissue substances, thus the tissues were
digested and dextran precipitated. The activity was found to remain
in the dextran fraction.

The nei.l experimert was directed at establishinsg the location
of radioactivity in the blood vessel. A diagrametic drawing (Fig.
I) shows the manner in which a six times washed aorta was sectioned
while frozen. These longitudinal sections showed that radiocactivity
was much greater on the surface sections thar on sections of the

muscle layer (Table IV), where practically no activity was found.




The surface area of the plated section; from the aorta was related

to the radioactivity in terms of counts per cm square per minute.
Since 1 of 260 molecules are tagged and eaéh disintegration repre-
sents 1012 molecules 1t is possible to determine the number of dex-
tran molecules per cm square of blood vessel surface. The size of
the molecule is approximately 90 x 3700 Angstroms and several ~rient-
ations of the molecule teo the surface were considered. Arrangement
of the molecules with the long axis parallel to the surface would

oll

require a smaller number of moleculas {3 x L0 “molecules) than were

14 ). It would take 600 layers of superimposed mol-

found (1.8 x 10
ecules oriented in this long axis parallel manner to produce the
amount of radioactivity found (Fig.2.) 1If the dextran molecules
were arranged with the radial parallel to the surface, 1.5 x 104
molecules would be required to saturation one square centimeter of
surface, (Fig, 2). Therefore this molecular arrangement would re-
quire a number of molecules similar to the actuaal number of mol-
ecules found on the surface,
DISCUSSION

The data obtained in these experiments, though px .l--.nary, show
that dextran molecules adsorb on the surface of intravascular struc-
tures. Rothman, Auaszlson , Schwebel and Langdsll {14) used radio-
active dextran in vitro to demonstrate that platelets and red cells
were coated with dextran. Ross and Ebert (13) confirmed platelet

coating using a cell electrophoresis method. Until now the in vivo

coatiny of both blood vessel surfaces and circulating formed elements




has been purely hypothetical (8).

The mechanism of alteration of hemostasis following dextran in-
jection may be envisioned as steric hinderence of clotting factors
at any surface by the coating of the surface with the dextran mol-
ecule. Undoubtedly, in vivo platelet coating as well as sur face
coating of blood vessels could prevent platelet aggregation which
is envisioned as an early phase of intravascular clotting. Th«
thrombelastographic studies are compatible with a decrease in the
number of effective platelets despite relatively small decrease in
platelet numbr.:s oy phase microscopy counts (11).

The coating of &. ared of injury could prevent the manifestation
of injury from being expressed in the blood stream. This in essence
would be providing an insulator hetween the circulating bloed and
the area of injury. Another mechanism of action could be thait dex-
tran combines in yreater amount with the injured area by virtue a
chemical bond thus neutralizing the local manifestation of injury
and preventing the clotting mechanism, Previous demonstration of
the clotting effect of positive ¢ arge in blood vesszls (16) would
fit into this latter hypothecis.

The nature of the bond between the surface and the molecule is
most probably the result of a hydrogen bond. The qua....tative aspects
of the number of molecules per square centimeter of surface sugjests
that molecules are arranged with the radial axis parallel to the cell
surface. This arrangement would be compatible with the terminal free

aldehyde group of the dextran be.'wy wnvolved in the surface bond.




Although the data are preliminary and will require extensive
claboration, molecular ceoating £ intravascular surfaces by dex-
tran has been demonstrated. Whether this coating sterically sep-
arates the clottiny factors from the locus c¢f injury, insulates the
surface from the injury, or maintains the normal surface charge can
be resolved with further study. Wwhatever the mechanism of actic.,
surtace coating by dextran molecules has keen established and shown
to prevent intravascular thrombosis., This new avenue of study may
provide better wethods and materials to prevent or treat intra-
vagcular thrombosis.,

SUMMARY

Radiocarbon (C-14 ) labeled dextran has been usad to study the
mechanism of action of dextran. It is to be emphasized that the
studies reported are preliminary but they definitely indicate that
dextran coats all the intravascular surfaces. The ability of dex-~
tran to coat surfaces may be its fundamental wechanism of action in

retarding intravascular thrombosis.
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TABLE I

RADIOACTIVE DEXTRAN - SPECIFICATIONS

CONCENTRATION B 512 in Saline
MOLECULAR WEIGHT (Light Scatcering)
©n

INTRINSIC VISCOSITY 25 C

SPECIFIC ACTIVITY (Combustion Carbon)

6.06 gm/100 ml.
52,600 AV,
0.20

5,36 uC/gm.

MOLECULES OF DEXTRAN/DISINTEGRATION/MIN 1012

TASGED MOLECULES

SIZE Approx. Radial Diam,
Approx. Axial Diam.

COUNTING EFFICIENCY

DOSE INJECTED

1l out of 260

90 Angstroms
3,700 Angstroms

20.1%

1% Body Weight




TABLE II

RADIOACTIVITY IN OR ON FORMED ELEMENTS

BLOOD VESSEL, NGRMAL A 9.+ 1.7 CPM*

B 14.5

1+

.2 CPM

C 41.0

14+

1.0 CcPM

1 ML. ¥:CKED WASHED CELLS B 51.2 .2 CPM

14+

C 50,0 + .2 cpM

*Counts per minute




PABLE TIT

RADIOACTIVE DEXTRAN ON NORMAL AND INTIMECTOMIZED

PLOOD VESSELS

Normal B.V, Intimectlomized B.V.
Exp. B 14.5 + .2 CPM 30,3 + .2 CPM
Approx. 1 cm? Approx. 1 Cm?
Exp. ¢ 4. + .0 CPM 53.4 + 1.0 CPM

Weight 49 mg. Weight 50 mg,
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TABLE IV

RADIOACTI"TY ON BLOOD VESSEL SURFACE

INTIMA SECTION MUSCULAR _SECTION

Surface Area .098 cm? .512 cm?
COM .35 f .9 0 + .09
1 Sqguare Ch 36 CPM 0 OPM




